Animals that depend on smell for communication and survival extract multiple pieces of information from a single complex odor. Mice can collect information on sex, genotype, health and dietary status from urine scent marks, a stimulus made up of hundreds of molecules. This ability is all the more remarkable considering that natural odors are encountered against varying olfactory backgrounds; the olfactory system must therefore provide some mechanism for extracting the most relevant information. Here we discuss recent data indicating that the readout of olfactory input by mitral cells in the olfactory bulb can be modified by behavioral context. We speculate that the olfactory cortex plays a key role in tuning the readout of olfactory information from the olfactory bulb.
The means by which odorous volatile molecules detected in the periphery are transformed into an odor object representation in the cortex remains to be fully understood. According to the combinatorial coding hypothesis [1] [2] [3] , odors detected in the nose are deconstructed into molecular features represented in a topographical pattern of glomerular activity termed an 'odor map' (Box 1). This representation is then processed and ultimately reconstructed into an odor 'object' in the olfactory cortex [4, 5] . While this hypothesis for feedforward flow of information is often used to interpret experimental findings, it does not necessarily incorporate the influence of odor associations or 'meaning' on odor signal processing. An alternative hypothesis presented by Kay and Sherman [6] postulated that the olfactory bulb (OB) acts as a transiently modifiable (active) filter that shapes odor representations at the level of olfactory bulb output. The olfactory bulb/cortex circuit does not simply deconstruct, sharpen, and reconstruct complex odors. Instead, the circuitry in the olfactory bulb could extract the most relevant odor information, while filtering out parts of the signal that are not as important for the animal's current needs. Ramón y Cajal predicted more than a century ago [7] that the process of feature extraction by the olfactory bulb is modulated by what he termed centrifugal fibers originating in olfactory cortex and neuromodulatory centers in the brain (Figure 1) . We speculate that odor associations or meaning affect the feedback circuit to the olfactory bulb from the olfactory cortex (Figure 2a) . By incorporating meaning into the feedback circuit, the cortex can then dynamically tune the readout of the odor map by the principal neurons of the bulb (tufted, T, and mitral, MT, cells) in behaviorally-relevant ways.
Lateral interactions could allow flexible readout of the fragmented chemotopic odor map Sensory systems must optimize the processing of input to permit timely and efficient extraction of information. One elegant solution to this challenge is to organize information into a spatial map. In vision, for instance, the cornea focuses a spatial representation of an image onto the retinal surface in the eye, while in hearing the representation of sound is organized as a frequency map in the cochlea. Odor maps also appear to have a gross chemotopic arrangement. For example, carboxylic acids, methyl and ethyl esters stimulate a dorsal anterior domain in the olfactory bulb, while aromatic compounds stimulate a dorsal posterior domain [8, 9] .
Nevertheless, detailed comparison reveals fundamental differences between the chemotopic odor map and other sensory maps. On the one hand, auditory and visual systems have clear relationships along one-or two-dimensional space between neighboring neural elements and the stimuli being processed (e.g. the frequency scale or the visual field). In these systems, dense short-range interactions play an important role in the processing of signals. Objects analyzed by the auditory and visual systems can be very complex, but local processing of the stimulus in one or two dimensions respectively is an advantageous first step in analyzing the sensory input. In contrast, each chemical bond of a molecule is a dimension in the chemical structure, so there is no two-dimensional arrangement that would allow a glomerulus to have all 'similar' glomeruli nearby. Indeed, mathematical analysis shows that collapsing multidimensional maps onto two dimensions inevitably fragments the contiguous representation of an object [10] . Accordingly, the map must be fragmented because adjacent glomeruli are often not related in terms of stimulus tuning, and frequently respond to structurally disparate sets of odors [3, 11] . In fact, a recent functional survey of approximately 30 unique glomeruli on the dorsal surface of the bulb revealed only a weak correlation between response and interglomerular distance in response to a large bank of odors [11] . Thus, the chemotopic structure of the map is 'loosely organized' [12] ; this probably reflects the 
